The article discusses water level fluctuations in lakes and the associated changes in the lake surface and water resources in the years 1992-2011. On the basis of detailed field studies carried out in the hydrological year 2011, short-term and dynamic changes in the lakes' hydrology were determined. Changes in hydrological lake types were evoked by unexpected hydro-meteorological situations, in particular high precipitation totals and sudden thaws in winter. The main symptom of the lake type change was the restoration, after nearly 10 years, of channels connecting the lakes. In addition, a strong interdependence was recorded in the difference between evaporation and precipitation, as well as the mean annual ranges of lake water levels in the years 1992-2010.
Introduction
Water levels in lakes are constantly fluctuating, which is usually caused by natural processes. Recorded changes seen in different time scales are the result of temporary imbalances between inflow and outflow components of the water balance. Hydro-meteorological conditions and the elements of the natural environment, modified by anthropogenic influences, generate significant structural and functional transformation of the intrinsic properties of limnic ecosystems. Water level fluctuations may lead to temporary or permanent changes in physical and chemical properties of water, transformations of lake basins and changes in the species structure in a water body (Borowiak 2000) . Many authors have discussed water level changes in lakes, e.g. Skibniewski (1954) , Pasławski (1972) , Jańczak and Choiński (1993) , Borowiak (2000) . Climatic conditions are most often mentioned as a reason for short fluctuations in average annual water levels. Persistent, severe lowering or rising of a lake water level is usually related to draining and damming projects. The most commonly observed situations are those of indirect human impact on the formation of lake water resources. The best example is the reduction of forest cover in the catchment or the introduction of crops with significant water needs. Both factors result in reduced water resources and increased evaporation in the catchment.
Analysing the impact of climatic conditions on the water level in lakes one can observe deviations from the average values, especially in wet and dry years. At the same time it should be noted that in certain lakes water levels in wet and dry years have different ranges, which are often shifted in time (Jańczak and Choiński 1993) .
A review of the literature suggests that seasonal fluctuations in water levels in postglacial lakes on the European Lowland are small and not very meaningful in the long run (Pasłwaski 1972; Borowiak 2000) . The following analysis of water levels of lakes in the catchment of the Ostrowo-Gopło Canal indicates that this kind of statement is not always correct.
the River Noteć; and the southern one, the Września Plain. The surface area of the region is about 4300 km 2 and corresponds to the landforms mainly associated with the Poznań Phase of the Weichselian (Vistulian) Glaciation. The area of the Gniezno Lakeland is dominated by glacial till and brown earth soils. Due to favourable natural conditions this is a well-developed agricultural region. There are a few forested patches on outwash sands (Kondracki 2011) .
The Greater Poland-Kuyavian Lakeland has a very low mean precipitation. Slightly higher rainfall is recorded in its northern regions. The lowest precipitation totals are recorded in the catchments of the Rivers Wełna and Mogilnica and of the Mosiński Canal. The weather station closest to the study area, Kleczewo, records 528 mm of average (1992-2011) annual pre-1992-2011) annual preannual precipitation. This value is adjusted, taking into account the inevitable measurement errors (and therefore it is increased by 15% compared to the measured values). What should also be noted is the high precipitation variability in this part of Poland. In some years the (adjusted) precipitation is only slightly over 400 mm (e.g., in 2003 it was only 407 mm). Total annual precipitation rarely exceeds 600 mm. From the year 2000 a downward trend is observed in total precipitation (except for 2010, Fig. 2 ).
With the decreasing annual precipitation a clear upward trend in the size of evaporation is observed. This is explained by the increase in such meteorological elements as wind velocity, air temperature, relative insolation and saturation deficit (Table 1) . Hence the total annual evaporation from the free surface of water over the last 10 years has been over 800 mm (Fig.  3) .
Hydrographic conditions in the discussed area have been largely transformed by human activity. Already in the seventeenth century, during so-called Dutch (or Olender) colonisation, reclamation works and regulation of rivers in the wet areas of the valleys of the Rivers Noteć and Obra were undertaken. The aim of this work was mostly to drain the land most suitable for agriculture. As a result, many riverbeds were straightened and no-through lakes were included in the drainage system (Marszelewski et al. 2011) . Moreover, many draining ditches were linked to the existing watercourses, which changed the density and layout of the hydrographic network. Large drained areas were now over-dry, some of the permanent watercourses became intermittent and the water level of many lakes decreased by up to 1.4 m (Kaniecki 1997) .
The surface areas of the studied lakes were significantly reduced during the second half of the twentieth century. At the beginning of the twenty-first century, the lakes covered an area from 86 to 262 ha (Table 2) . 
Methods
The aim of this study is to document the impact of short-term dynamics of changes in lake water levels on water resources. The lakes were monitored in terms of their water levels and flow in watercourses. In the lakes HOBO U20 loggers were installed, which automatically measured water levels (typical error ±1.5 cm). The paper also includes the results of the measurement of lake water levels conducted by the Konin Coal Mine. The analysis covered hydrological years (from November to October).
On the basis of cartographic materials at the scales of 1:10 000 and 1:25 000 as well as the bathymetry of the lakes, satellite images and GIS software, a numerical model of the catchment of the lakes was developed. The main objective of the creation of the digital terrain model was to use it for a number of calculations necessary to assess the changes in water resources. The digital terrain model also enabled a more accurate spatial recognition of problems associated with water management in the area.
In the literature, two hypotheses are given regarding the reasons for changes in water levels in the studied lakes. One of them concerns the impact of the cone of depression related to the operation of the lignite opencast mine in Konin. The second hypothesis points to the influence of climatic factors, particularly related to climate change and the negative trends in total annual precipitation (Kędziora 2011) . In this paper, focusing on the second hypothesis, the authors analysed the most significant components of the climate of the area. This in particular considers precipitation and evaporation, which are critical for the vertical water exchange in lakes (VWE). Annual VWE values were compared with ranges in lake water levels in a given year (RLWL). Similarly, such calculations were conducted for the VWE and the difference between the average lake water level (ALWL) in the year n+1 and the year n.
Results and discussion
As already mentioned, a digital terrain model was developed for the studied lakes. Thanks to it, a series of data was obtained for such elements as changes in the surface area and capacity of lakes at the corresponding positions of the water level (m above sea level). The results clearly show a very great dynamic of changes in both the surface area and the water volume in the lakes. The results obtained for Lakes KownackoWójcińskie and Suszewskie are presented in Figs 4 and 5. The dashed line shows the elevation of the water table at which the outflow of water from the lakes takes place. The consequence of this is the change in the hydrological types of lakes (outflow lake, flow-through lake, no-through lake).
In the winter season of 2011 the water volume of the analysed lakes unexpectedly increased to the value recorded in the 1960s. This half-year was characterised by the highest dynamics of changes in the surface area, water volume and water table level. This was due to the occurrence of unusual hydrometeorological situations, including in particular high precipitation totals. In November 2010, precipitation (140 mm) exceeded four times the average for that month (Fig. 6) . It represented about 30% of the average annual total precipitation for the area. Precipitation totals recorded in the previous months (e.g. 123 mm in July, 116 mm in August) were also significantly higher than the long-term mean for the area. This high precipitation (in summer) and low evaporation in the winter months resulted in an increase in the water levels of the surveyed lakes, unprecedented in recent years. As a result, the flow between the lakes was re-established for some time (it ceased to function in 2003). . At the same time, the maximum inflow to Lake Kownacko-Wójcińskie amounted to 0.98 m 3 s -1 (25.6 l s -1 km -2
). As a result, 2 970 000 m 3 of water shifted from Lake Suszewskie to Lake Kownacko-Wójcińskie, and 2 910 000 m 3 from Lake Kownacko-Wójcińskie to Lake Ostrowskie. It follows that the water supplied to the lowest positioned Lake Ostrowskie was slightly reduced compared to Lake Kownacko-Wójcińskie situated higher up. This was due to the need to fill Lake Kownacko-Wójcińskie up to the water level which would allow the outflow to Lake Ostrowskie.
The analysed hydro-meteorological situations of the winter-season (November-April) of 2011 resulted in significant changes in the lake water resources. In April 2011, compared to November 2010, the volume of the lakes was larger, from 2.6% in the case of Lake Budzisławskie to 26.7% in the case of Lake Wilczyńskie (Table 3) . In April 2011, the volume of the lakes was similar to the values of the 1960s, as calculated by the IRŚ in Olsztyn. A significant difference (of approx. 10%) was found only in the case of Lake Ostrowskie.
As already mentioned, until 2002 the tested lakes were flow-through lakes. Since 2003, due to the discussed hydro-meteorological changes, these lakes have changed their hydrological type to no-through lakes. In the winter half-year of 2011, due to rising water levels and, one by one, the restoration of throughflows and tributaries, the lakes rapidly changed their hydrological types. The subsequent changes are presented in Fig. 7 , which shows the dynamic change in the relationship between the lakes.
Thanks to the verification of the hypothesis of a significant impact of climate on the formation of water levels in the surveyed lakes, a number of data was obtained which, in some cases, indicate the existence of such a relationship. As evidenced by the calculations, there was no statistically significant correlation between the VWE and RLWL. Such a dependence of the 0.01 significance level was found for the VWE in a given year and the difference between the ALWL in the year n+1 and the year n (Table 4) . This relationship results from the delayed response of lakes to changes in meteorological conditions. For this reason, high precipitation and low evaporation in a given year result in an increase in water level in the lakes the following year. The highest correlations were obtained for Lakes Ostrowskie and Kownacko-Wójcińskie, while the lowest for Lake Budzisławskie (Table 4 ). In addition, a strong dependence was found between the size of the catchment and the correlation coefficient. The larger the catchment area, the greater the correlation between the average annual ranges of the water levels in the lakes, and the difference between precipitation and evaporation.
It should be noted that anthropogenic factors also affect the studied lakes, as indicated by the coefficients of determination (in this analysis, of regression and correlation). They indicate that about 60% of the change in water levels can be explained by variability Fig. 7 . Changes in hydrological types of lakes from October 2010 to May 2011. Explanation: 1 -outflow lake, 2 -flow-through lake, 3 -no-through lake, 4 -lake with a variable flow direction, 5 -flow measurement point, 6 -stream in precipitation and evaporation. Therefore it can be concluded that there is a significant influence of other factors, particularly anthropogenic ones.
Conclusion
The research carried out by other authors (e.g. Dorożyński and Skowron 2002; Kunz et al. 2010; Ptak 2010) for the Greater Poland-Kuyavian Lakeland showed a significant reduction in the surface of lakes in the area. The problem of fluctuations in water levels in the lakes had been discussed -until recently -only in general terms. This study identified the importance of changes in water levels, which cause very serious consequences, including the hydrological types of lakes. These consequences result from the modification of the relationship between the lakes. In addition, the paper highlighted the fact that in previous years there were several changes in the relationship between the studied lakes. It should be noted that such an arrangement of lakes (and their interaction) is rarely found in nature, as they require appropriate conditions, both in terms of relief and weather conditions. It should also be noted that in other studies, for instance of the ecological status or water quality, lakes are uniquely qualified to one of the existing hydrological types. However, it turns out that some of them (of significant surface areas in relation to the territory of Poland) may undergo short-term changes in their hydrological types, which is important for many reasons. Natural cyclical changes in hydrological types of lakes allow changes evoked by a sudden influx of significant amounts of water to be tracked. Such inflows are also important in terms of internal water circulation and, consequently, lead to changes in its physical and chemical properties.
The study also showed a significant correlation between the VEP in a given year and the difference in the ALWL in year n+1 and the year n. This correlation is justified by a delayed reaction of lakes to changes in meteorological conditions. As a result, high precipitation and low evaporation in a given year will result in an increase in water level in the following year. Additionally, a significant influence of the human impact on the water conditions in the area was stressed.
Hydrological implications, as well as economic, social and, above all, environmental, are the main reasons why monitoring of the studied lakes will be continued in the coming years.
